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Abstract
Objectives To investigate the differences in lncRNAs expression in whole blood between diabetic retinopathy (DR) patients
and healthy subjects, and to evaluate the potential value of lncRNAs as a diagnostic biomarker for proliferative diabetic
retinopathy (PDR).
Methods A series of 34 PDR patients, 34 patients with non-proliferative DR (NPDR) and 34 healthy participants were
enroled. Differentially expressed lncRNAs were demonstrated using high-throughput sequencing and validated using qRT-
PCR. Gene Ontology (GO) was performed to explore the possible biological function of the differentially expressed
lncRNAs. lncRNA/mRNA coexpression network was built to determine the targets of differentially expressed lncRNAs.
Receiver operating characteristic (ROC) analysis was utilized to evaluate the diagnostic value of lncRNAs for PDR.
Results We identified 175 and 179 differentially expressed lncRNAs in PDR patients compared with control samples and
NPDR patients, respectively. GO analysis showed that the various metabolic processes were possibly influenced by these
dysregulated lncRNAs. Using the differently expressed lncRNAs data, we further identified 82 overlapping lncRNAs in PDR
patients with NPDR and control subjects. Part of these overlapping lncRNAs was significantly correlated with nuclear factor
kappa B (NF-κB) and Wnt signal pathways. ROC curves were constructed for two upregulated lncRNAs and the ROC analysis
indicated that both of them had potential diagnostic value and could distinguish PDR from control subjects and NPDR patients.
Conclusions LncRNAs expression was altered in PDR patients compared with NPDR and control subjects. Moreover, it
provides a resource that lncRNAs might be novel diagnostic and prognostic biomarker for PDR.

Introduction

Diabetic retinopathy (DR) is a common complication of
diabetes mellitus (DM), which affect ~30% of all diabetic
patients [1]. It is classified into non-proliferative DR

(NPDR) and proliferative DR (PDR). The retinopathy pro-
gresses with the duration of DM, nearly 80% of patients
with DM developed DR and 20% of them developed PDR
after 15 years of diagnosis [2, 3]. As the disease progresses
to PDR, severe visual loss usually happens due to vitreous
haemorrhages, tractional retinal detachment and neovas-
cular glaucoma. Although the clinical characteristics of DR
are well established and several risk factors for its pro-
gression are identified, the exact molecular and biochemical
mechanisms remain poorly understood [4, 5]. Considering
the prevalence of DM in adults aged 20–79 years is forecast
to increase to 10.4% in 2040, the global burden caused by
DR will be huge, especially in China [6, 7]. It is essential to
explore new methods to early detect and monitor DR pro-
gression, which with more high sensitivity and specificity.

Recently, a novel class of transcripts called long noncoding
RNAs (lncRNAs), which are pervasively transcribed in the
genome, is gaining more attention because of their potential
regulatory roles in the progression and prevention of DM.
LncRNAs is a class of noncoding RNAs with transcript
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lengths > 200 nucleotides, which exert an increasingly
important role in regulating various biological processes (BP)
and influence a significant portion of cellular functionality
[8, 9]. A number of studies have proved that lncRNAs par-
ticipate in the pathogenesis of DM and its related complica-
tions, such as DR and diabetic kidney disease [10–14].
Although several studies have been performed to assess the
role of lncRNAs in the development of DR, most of them
focused on lncRNA expressed in tissues of animal models
[15]. To date, few researchers have focused on the lncRNAs’
expression in DR patients and the contribution of lncRNAs to
DR development has not been conclusively defined.

The molecular mechanisms underlying DR are complex and
an improved understanding of the molecular mechanisms, by
which lncRNAs perform their functions and interactions in DR,
will provide potential biomarkers and new therapeutic targets
for DR treatment [12]. Our previous study has proved that
conbercept treatment can change the expression profiles of
lncRNAs and mRNAs in the fibrovascular membranes of PDR
patients and lncRNAs may contribute to novel therapeutic for
PDR [16]. We hypothesized that lncRNAs may be used as a
biomarker for diagnosis and prognosis of PDR. Therefore, we
performed this study to investigate the differences in lncRNAs
expression in whole blood between DR patients and healthy
subjects, and to evaluate the possibility of these lncRNAs to
serve as diagnostic biomarkers and potential therapeutic targets
for PDR treatment.

Methods

Patients’ samples

This cross-sectional study was approved by the Ethical
Review Committee of the Second Hospital of Shandong
University and was performed according to the provisions of
the Declaration of Helsinki for research involving human
subjects and written informed consent was obtained from all
patients in this study prior to enrolment. The whole blood
samples were prospectively collected from 102 patients with
type 2 diabetes at different stages of DR (NPDR and PDR)
and age-matched healthy participants who undergoing routine
cataract surgery at the Second Hospital of Shandong Uni-
versity from March 2019 to October 2019. All of the patients
with diabetes were diagnosed according to the criteria of the
American Diabetes Association [17]. Patients with the fol-
lowing conditions were excluded: (1) any other ocular disease,
high myopia, glaucoma, retinal diseases or history of previous
ocular surgery, with the exception of mild cataract, (2) severe
systemic diseases, such as malignant tumour, metabolic syn-
drome not including type 2 diabetes and ongoing infection or
autoimmune diseases and (3) PDR patients who received laser
or anti-vascular endothelial growth factor (VEGF) treatment

within 1 month were also excluded. All the participants
received comprehensive ophthalmic evaluation, including best
corrected visual activity, intraocular pressure, slit lamp
examination, colour fundus photographs and dilated fundus
examination by indirect ophthalmoscopy (+90 D). DR was
graded as NPDR and PDR according to findings observable
on dilated ophthalmoscopy by two ophthalmologists (BL and
CC) based on the International Clinical Diabetic Retinopathy
Disease Severity Scales [18]. Any discrepancies were resolved
by a fundus expert (JW). A standard questionnaire was used to
collect past medical history regarding DM, including the date
of confirmed diagnosis, current use of medications and treat-
ment history of DR.

The peripheral blood (5 ml) was collected in PAXgene
blood RNA tubes (Qiagen) on the first day of admission
before any treatment had been implemented and stored at
−80 °C in aliquots until further use.

RNA extraction and quality control

Total RNA was isolated from the whole blood using TRIzol
reagent (Invitrogen, Carlsbad, CA, USA), according to the
manufacturer’s protocol. RNA integrity was evaluated
using standard denaturing agarose gel electrophoresis and
RNA concentration in each sample was assessed at an
OD260/280 using a NanoDrop ND-2000 instrument
(Thermo, Waltham, MA, USA).

High-throughput sequencing and analysis

High-throughput sequencing was provided by CloudSeq Bio-
tech Inc. (Shanghai, China) as standard processes [19, 20].
Briefly, total RNA was used for removing the rRNAs using
Ribo-Zero rRNA Removal Kits (Illumina, USA) following the
manufacturer’s instructions. RNA libraries were constructed by
using rRNA-depleted RNAs with TruSeq Stranded Total RNA
Library Prep Kit (Illumina, USA) according to the manu-
facturer’s instructions. Libraries were controlled for quality and
quantified using the BioAnalyzer 2100 system (Agilent Tech-
nologies, USA). Ten picomolar libraries were denatured as
single-stranded DNA molecules, captured on Illumina flow
cells, amplified in situ as clusters and finally sequenced for 150
cycles on Illumina HiSeq Sequencer according to the manu-
facturer’s instructions.

The high-quality reads were aligned to the human reference
genome (UCSC HG19) with hisat2 software. Then, guided by
the Ensembl gtf gene annotation file, cuffdiff software (part of
cufflinks) was used to get the values of fragments per kilobase
per million (FPKM) as the expression profiles of LncRNAs,
and fold change and P value were calculated based on FPKM.
Differentially expressed LncRNA were identified by T test
between two groups. Any lncRNAs exhibiting fold changes ≥
2.0 with adjust P value ≤ 0.15 were considered as having a
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significant and differentially expressed lncRNAs. LncRNA
target genes were predicted by the locations to nearby genes.

Validation of candidate lncRNAs using quantitative
real-time reverse-transcription polymerase chain
reaction (qRT-PCR)

qRT-PCR was used to validate the expression levels of the
candidate lncRNAs as we previously reported [16]. In brief,
total RNA samples were reverse-transcribed into cDNA and
subjected to qRT-PCR on an Applied Biosystems 7500 Fast
Real-Time PCR System, in accordance with the manufacturer’s
instructions. Triplicate measurements were obtained for each
sample. The results were normalized with human GAPDH.
The expression levels were analysed by the comparative Ct
method. PCR primers are listed in Table 1.

Gene Ontology (GO) analysis for differentially
expressed LncRNAs

GO analysis was used to explore the possible biological
function of the differentially expressed lncRNAs. GO ana-
lysis included three parts: biological processes (BP), cellular
components and molecular functions. The significant GO
terms were determined using the Fisher’s exact test, and
FDR was utilized to correct the P values. A P value < 0.05
was deemed statistically significant.

Construction of the lncRNA–mRNA coexpression
network

To determine the functions of differentially expressed
lncRNAs, an lncRNA/mRNA coexpression network was

built according to the normalized signal intensities of dif-
ferentially expressed lncRNAs and mRNAs. For each
lncRNA–mRNA pair, the Pearson correlation was
calculated to identify significantly correlated pairs. The
Pearson correlation value cutoff was =0.95, P < 0.05.
lncRNA–mRNA coexpression network was visualized
using Cytoscape (version 2.8.0).

Statistical analysis

SPSS software (version20; SPSS Inc., Chicago, IL, USA) was
used for statistical analysis. Statistical graph was performed
by GraphPad Prism 5. Student’s t test or Mann–Whitney test
was used, as appropriate, to compare two groups of inde-
pendent samples. For categorical variables, we performed the
Fisher’s exact test or the chi-square test. Receiver operating
characteristic (ROC) analysis was utilized to evaluate the
diagnostic value of lncRNAs in PDR patients compared to
NPDR patients and healthy volunteers. A P value < 0.05 was
considered statistically significant. Data for continuous vari-
ables were expressed as mean ± standard deviation (SD).

Results

Clinical characteristics of subjects

Overall, 34 patients with PDR, 34 patients with NPDR and
34 age-matched healthy participants were enroled for ana-
lysis in our study. The clinical characteristics of the patients,
including age, gender, duration of DM, the level of FPG and
HbAc1 and the number of antidiabetic drugs, are shown in
Table 2. Compared with the NPDR, the PDR patients

Table 1 Primers for qRT-PCR
detection of lncRNAs.

Primer

ENST00000505731 Forward, 5′-CAACACACGCCTCTCAACTG -3′
Reverse, 5′-TCCACGCTCTTGGTAGGATG -3′

ENST00000553829 Forward, 5′-CCTCCTATTGGGTGTTGGCT-3′
Reverse, 5′-TGGGGCCTTTAGAGGATTCAG-3′

NR_126161 Forward, 5′-GGAGCAGCACAGTCATTCCT-3′
Reverse, 5′-TTCGGACAGTTACACGCCAT-3′

ENST00000364938 Forward, 5′-GCTCTGTCCAAGTGGCGTA-3′
Reverse, 5′-TTTCCTGCATGGTTTGTCTCC-3′

uc021yup.1 Forward, 5′-TTTCTCTGCTTTGGATGGGGC-3′
Reverse, 5′-GCTGAACCAAGCACCAGTAG-3′

uc001elb.4 Forward, 5′-TAGCAGGGAGAGGGGAATCAA-3′
Reverse, 5′-ATCAACCCCAAATCGCCTGA-3′

uc001vrq.3 Forward, 5′-GAAAGGGACAGTAAGTGGG-3′
Reverse, 5′-AGCAAGGGAGAAAGACATTTG-3′

ENST00000435844 Forward, 5′-GATCGGCACCTGGTCTGT-3′
Reverse, 5′-CACTGGGTACTTCACTTGCTG-3′

GAPDH Forward, 5′-GGTTGTCTCCTGCGACTTCA-3′
Reverse, 5′-TGGTCCAGGGTTTCTTACTCC-3′
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showed longer duration of DM, higher HbAc1 and higher
number of antidiabetic drugs. The flowchart of the study
design was presented in Fig. 1.

Differentially expressed lncRNAs in PDR and GO
analysis

We analysed the transcriptome of peripheral whole blood.
The expression patterns differed significantly between PDR

and control samples. Using a two-fold expression difference
as a cutoff, a total of 175 lncRNAs (80 upregulated, 94
downregulated, P < 0.05) were specifically dysregulated in
PDR compared with control samples (Fig. 2, Supplemen-
tary File S1). We next performed GO analysis to better
understand the functional association of target genes with
the differentially expressed lncRNAs. The results showed
that the BP most influenced by the dysregulated lncRNAs
were various metabolic processes, such as cellular response
to stress, regulation of histone deacetylation, regulation of
protein deacetylation and protein monoubiquitination. More
importantly, gene enrichment analysis showed that Wnt
signalling pathway and NF-kappa B transcription factor
activity might be directly or indirectly regulated by the
downregulated lncRNAs (Fig. 3).

We also performed differential expression analysis for PDR
and NPDR samples. Similarly, a total of 179 lncRNAs were
differentially expressed (83 upregulated, 93 downregulated,
P < 0.05) (Fig. 4, Supplementary File S2). The results of GO
analysis were shown in Fig. 5. Their function with regard to BP
was determined to be regulation of tumour necrosis factor
production, regulation of Wnt signalling pathway, interleukin-
1-mediated signalling pathway, etc.

Construction of the lncRNA–mRNA coexpression
network

Using the differently expressed lncRNA data, we identi-
fied 81 overlapping lncRNAs (37 upregulated and 44
downregulated) in PDR patients with NPDR and control
subjects (Fig. 6, Supplementary File S3). In order to

Table 2 Clinical characteristics of the study subjects.

Sequencing set Validation set

PDR NPDR Control PDR NPDR Control P values

Total 4 4 4 30 30 30 –

Age, years 62.8 ± 6.2 61.8 ± 6.5 62.5 ± 5.8 59.2 ± 7.1 61.5 ± 7.6 61.3 ± 6.8 0.227a

0.169b

Male 2 2 2 17 15 14 0.604a

0.438b

Duration of
DM, years

19.3 ± 7.3 10.8 ± 3.8 – 12.6 ± 4.4 9.9 ± 2.6 – 0.008a

FPG, mmol/l 9.2 ± 2.3 6.4 ± 0.6 5.4 ± 0.3 6.7 ± 1.6 6.6 ± 1.7 5.2 ± 0.4 0.267a

0.0003b

HbAc1, % 11.3 ± 2.2 6.5 ± 0.6 – 8.7 ± 3.3 6.6 ± 1.6 – 0.008a

Number of antidiabetic drugs 4.75 ± 0.5 3.75 ± 1.0 – 4.2 ± 0.8 2.9 ± 0.9 – <0.0001a

Laser treatment 0 0 0 16 0 0 –

Anti-VEGF 0 0 0 5 0 0 –

Data were expressed as mean ± standard deviation (SD).

Bold values indicate statistical significance p < 0.05.
aComparison between PDR and NPDR.
bComparison between PDR and control.

Fig. 1 Systematic overview of the workflow. There were two phases
in our project: sequencing phase and validation phase.
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investigate the potential function of these overlapping
lncRNAs, we constructed our lncRNA–mRNA coexpres-
sion network. The results showed the relationships
between these aberrantly expressed lncRNAs and mRNAs
and we found that part of these overlapping lncRNAs
were significantly correlated with nuclear factor kappa B
(NF-κB) and Wnt signal pathways, which have been

generally acknowledged as critical role in the pathogen-
esis of PDR (Fig. 7).

Validation of the differentially expressed lncRNAs

Four upregulated and four downregulated lncRNAs were
selected randomly from the overlapping lncRNAs for

Fig. 2 The expression profiling
changes of lncRNAs between
PDR group and control group.
A Heatmap from the hierarchical
clustering analysis showed the
differential expressed lncRNAs
between the two groups. Red
represents upregulation and
green represent downregulation.
B Volcano plot indicating
upregulated and downregulated
lncRNAs in PDR group
compared with control group.

Fig. 3 Gene Ontology (GO) analyses of the dysregulated lncRNAs in PDR compared with the control subjects. Molecular function (MF),
Biological process (BP) and Cellular component (CC) of lncRNAs‐targeted mRNAs.
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validation purposes. The qRT-PCR results indicated similar
trends to our sequencing results (Fig. 8).

The diagnostic performance of blood lncRNAs for
PDR patients

We then explored the diagnostic value of these validated
lncRNAs in distinguishing PDR patients from NPDR and

healthy populations. ROC curves were constructed for two
upregulated lncRNAs (ENST00000505731 and NR-
126161). Compared with the control subjects and NPDR,
the ROC analysis indicated that the AUC values of
ENST00000505731 were 0.880 (95% confidence interval:
0.7880–0.9720, specificity= 80.0%, sensitivity= 86.7%)
and 0.857 (95% confidence interval: 0.7639–0.9505, spe-
cificity= 86.7%, sensitivity= 70%), respectively. ROC

Fig. 4 The expression profiling
changes of lncRNAs between
PDR group and NPDR group.
A Heatmap from the hierarchical
clustering analysis showed the
differential expressed lncRNAs
between the two groups. Red
represents upregulation and
green represent downregulation.
B Volcano plot indicating
upregulated and downregulated
lncRNAs in PDR group
compared with NPDR group.

Fig. 5 Gene Ontology (GO) analyses of the dysregulated lncRNAs in PDR compared with NPDR patients. Molecular function (MF),
Biological process (BP) and Cellular component (CC) of lncRNAs‐targeted mRNAs.
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analysis for NR-126161 showed the similar result (Fig. 9).
These results indicated that blood ENST00000505731 and
NR-126161 had potential diagnostic value and could dis-
tinguish PDR from control subjects and NPDR patients.

Discussion

As a late stage of DR, PDR is one of the most serious
microvascular complications of DM and is the leading cause
of blindness among working age adults worldwide [21]. A
better understanding of the predictors of DR development
may lead to more personalized treatment and help improve
clinical outcomes. Although lncRNAs have been identified
as minimally invasive biomarkers for diagnosis, prognosis
or monitoring curative effects in various cancers, the diag-
nostic and prognostic values of lncRNAs in DR remain
unclear [22]. In this study, we compared differential
expression profiles of lncRNAs among PDR, NPDR and
control subjects; our results suggested that lncRNAs could

be new potential biomarkers to detect early and monitor DR
progression in DM patients.

LncRNAs can be detected in different kinds of body
fluid, such as aqueous humour (AH), vitreous humour (VH)
and peripheral whole blood [13, 23, 24]. Because it is dif-
ficult to collect adequate volumes of AH and VH and it is
impossible to obtain AH and VH samples from healthy
living human eyes, we choose peripheral whole blood
which is easy to obtain and with minimally invasive pro-
cedures in this study. After comparing PDR, NPDR and
control groups, we found 82 differentially expressed
lncRNAs (37 upregulated and 45 downregulated) and the
results were validated by qRT-PCR. Most of the differen-
tially expressed lncRNAs in this study were not reported
before. In order to reveal the potential functions of the
lncRNAs in this study, we next performed a GO analysis
and found that their biological functions were mainly
involved in the canonical Wnt signalling pathway and

Fig. 6 Venn diagram of the overlapping number of differentially
expressed lncRNAs among PDR, NPDR and control groups. A
Venn diagram of the overlapping number of upregulated lncRNAs in
PDR patients with NPDR and control subjects. B Venn diagram of the
overlapping number of downregulated lncRNAs in PDR patients with
NPDR and control subjects.

Fig. 7 The lncRNA/mRNA
coexpression network
represented that part of the
differentially expressed
lncRNAs were enriched in the
regulation of Wnt signalling
pathway and NF-κB signalling
pathway. Red dots indicate that
lncRNA expression is
upregulated and green dots
indicate downregulation.

Fig. 8 Validation of circRNA expression by qRT-PCR. qRT-PCR
experiments were conducted to verify the expression level of
eight selected lncRNAs in the three groups. Bar represent mean ± SD.
**p < 0.01, ***p < 0.001.
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regulation of NF-κB transcription factor activity, which are
related to retinal neovascularization.

The canonical Wnt signalling pathway is a well-known,
evolutionarily conserved pathway comprised of Wnts,
frizzled receptors and co-receptors. It plays important roles
in many ocular diseases, including DR [25]. VEGF is a
major pro-angiogenic factor in physiological and patholo-
gical angiogenesis and has been identified as a downstream
target gene of canonical Wnt signalling. It is correlated with
the severity of DR and involved in the pathogenesis of
PDR. Previous study reported that activation of Wnt sig-
nalling increases VEGF levels in the retina of diabetic
animal models, while suppression of Wnt signalling
downregulates the expression of VEGF. Furthermore, the
canonical Wnt signalling pathway can also participate in
the pathogenesis of DR by mediating oxidative stress
and inflammation. Recent researches show that many
lncRNAs can influence a variety of cellular functionalities,
such as cell apoptosis, proliferation and migration, via
the Wnt signalling pathway [26]. In order to reveal the
potential relationship between these dysregulated lncRNAs
and the Wnt signalling pathway, we constructed an
lncRNA–mRNA coexpression network and found that
many differentially expressed lncRNAs may be involved in
the regulation of the Wnt signalling pathway.

Because lncRNAs can modulate multiple targets at the
transcriptional and post-transcriptional levels, lncRNAs
tend to play functional roles in more than one biological

pathway [27]. In current study, the results of the
lncRNA–mRNA coexpression network revealed that many
differentially expressed lncRNAs are possibly involved in
Wnt and NF-κB pathways. NF-ĸB is a master regulator of
various genes involved in inflammation, angiogenesis, cell
proliferation and apoptosis. It can be activated by hypoxia,
bacteria, viral proteins, various cytokines and trophic fac-
tors. NF-ĸB activation plays a key role in the development
and progression of DR [28]. It was observed that increased
activation of NF-κB has a significant link with increased
VEGF expression in both NPDR and PDR subjects. Acti-
vation of NF-κB was shown to promote expression of pro-
inflammatory cytokines and various pro-apoptotic reg-
ulators in retinal endothelial cells, and ultimately lead to
retinal vessel dysfunction and DR progression [29]. More-
over, selective inhibition of NF-κB activation can inhibit
diabetes-induced retinal leukostasis and retinal expressions
of ICAM-1 and VEGF in vivo. Therefore, we hypothesized
that these differentially expressed lncRNAs may possibly
influence the progression of diabetes through the regulation
of Wnt and NF-κB pathways [30]. These information might
help us to explore the underlying mechanisms of lncRNAs
involved in the development of DR.

A good biomarker should be highly sensitive and specific.
LncRNAs are expressed in a cell type-, tissue-, developmental
stage- or disease state-specific pattern, making them good
candidates for disease-specific biomarkers [31]. In this study,
the ROC curves were constructed for top two upregulated

Fig. 9 ROC analysis for two
upregulated lncRNAs in
distinguishing PDR from
control subjects and
NPDR patients. A, C
ENST00000505731 and NR-
126161 differentiated between
PDR and NPDR patients. B, D
ENST00000505731 and NR-
126161 differentiated between
PDR and control subjects.
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lncRNAs, and the results indicated that these two lncRNAs
had high sensitivity to discriminate PDR patients from NPDR
patients and controls and could serve as new potential bio-
markers for predicting and diagnosing PDR.

There are several limitations to our study that need to be
considered. First, the number of patients participated in this
study is small. Despite the small sample size, the results
demonstrated statistically significant so that the small
number of patients may only serve to strengthen the results
in this study. Second, a referral bias may exist because all
patients were recruited from a single centre. Finally, the
possibility that a variety of medications applied, laser
treatment and the use of anti-VEGF may have affected the
expression profiles of lncRNAs in both PDR and NPDR
patients. Therefore, a multicentre clinical study with larger
cohorts may be warranted in future.

In conclusion, our findings indicated that lncRNAs might
be novel biomarkers for early diagnosis and prognosis
evaluation of diabetic patients with PDR. Further studies are
still needed to completely elucidate the biological functions
of these genes and to confirm the molecular mechanisms on
the development of PDR.

Summary

What was known before

● A number of studies have proved that lncRNAs participate
in the pathogenesis of DM and its related complications,
such as DR and diabetic kidney disease. Although several
studies have been performed to assess the role of lncRNAs
in the development of DR, most of them focused on
lncRNA expressed in tissues of animal models. To date,
few researchers have focused on the lncRNAs’ expression
in DR patients and the contribution of lncRNAs to DR
development has not been conclusively defined.

What this study adds

● Our findings indicated that lncRNAs might be novel
biomarkers for early diagnosis and prognosis evaluation
of diabetic patients with PDR.
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